Abstract-The objective of this research is to operate a radio-controlled car (RC car) via the Internet network, which is called "Tele RC Car or (TRCC)". The research was conducted by taking user commands from a client computer machine, which is connected to a server computer via the Internet network. The server computer connects with a digital-to-radio signal converter. Finally, an RC car operated based on the radio wave commands, which is received from the client computer. Index Terms-Radio controller car, Digital-to-radio signal converter, Client-server computers, Internet network.
I. INTRODUCTION
In the era of technology, there are two great human innovations, which are computer technology and robotic technology. We use a computer system to perform various difficult tasks, namely: 1) chromosome matching, 2) Internet communication, 3) e-commerce, and 4) robotic controlling etc. Based on the usefulness of computers, it is very difficult to imagine, how people will live without a computer system.
The second great human innovation is a robotic system. There are many kinds of robots with such tasks as: 1) a robot arm to service an industrial purpose, 2) an army robot to detonate a buried bomb, 3) an android robot to do a human job, 4) a mobile robot to move around the environment like an automatic guided vehicle (AGV), and 5) children's toy car or an RC car that can be operated with an radio wave, etc. Normally, a robotic system needs some computer systems to manage it. The complexity of computer software depends on how difficult robotic tasks are. In the near future, we hope that we can integrate a computer with a robotic system to build a sophisticated machine, for example, an unmanned driving car.
This research uses a client computer to control an RC car, which is connected with a server computer via the Internet network. The experiments were conducted on two types of commands, namely: basic commands and pattern commands. The basic commands are simple RC car controller commands e.g. forward, reverse, turn left, turn right and stop etc. The pattern commands consist of three specific commands, which are 1) run as the O-shape, 2) run as the ∞-shape and 3) run & stop before hit an object. Normally, the RC car has a limitation to control a car via radio signal in a long distance. Therefore to extend an RC car operation, all the experiments in this research try to prove that the RC car can operate by client-server computers.
II. LITERATURE REVIEWS
In this section, we discuss research works related to the remote RC-car via the Internet network that describe in the previous section. Section II.A describes the researches on controlling an RC car by a computer and Section II.B explains the researches on controlling robot via the Internet network. Both researches have the following details.
A. Controlling an RC Car by a Computer
There is a group of researchers who develop an RC car controlled by a computer and apply it in many applications, which have the following briefly details:
Chomtip P. et al. controlled an RC car by using both voice and facial commands. The research used a computer to convert digital signal to radio signal, then controlled RC car based on the radio signal command. [1] - [3] Masanori Y. et al. used four RC cars to play a mini-car-soccer game. They captured competition pictures by a video camera on the ceiling and used video pictures to operate the soccer game. [4] Christophe C. and Pierre B. applied a mobile robot for chasing an elusive target in an unknown and unconstrained environment. [5] Yeung Y. and Kai M. T. scaled down a driver-tested performance by using an RC car as the output of the evaluation. [6] Kenichi A. et al. controlled an RC car via the internet network by putting the computer server on the second floor and using a client to manage the RC car on the eighth floor of the same building. The experiment conducted on some regulation and simple line tracking controls and a small radius circle. [7] B. Controlling Robot Via the Internet Network There are many researchers controlling robot via the Internet network, , which have the following briefly details:
Chomtip P. and Phichate S. presented robot arm controlling via the TCP/IP network with many operation scenarios. [8] Jae Riko S. et al. described a method of education and training the trainee. When tasks are satisfied of the trainee, then, they exported to remote a robot arm via the Internet for a real-world execution. [11] Shuang C. and Junnan W. conducted a robot arm teleoperation system based on the Internet network. They used tele-robot-arm to draw a picture, which looks like four petals flower. [12] Marin R. et al. presented system architecture of the Internet based tele-laboratory, which allows users to remote control and program online robot. [13] Based on the researches, this research objective is to purpose the controlling RC car via the Internet network. The details of the research are presented in the methodology section.
III. METHODS
This section introduces an approach to create the TRCC system. First, the conceptual diagram is presented and then a transformation of the conceptual diagram into the system structure chart is presented. Finally, each component of the structure chart is described for more details.
A. Conceptual Diagram
According to our study, we design a conceptual diagram of the TRCC system, as shown in Fig. 1 . The research is separated into two parts. The first part is the client part for a user to send the remote commands to operate the RC car. The second part is the server part for receiving remote command and operating the RC car based on the received operation. Both server and client system are installed in the Internet network for a remote controlling purpose. 
B. System Structure Chart
We have converted the TRCC conceptual diagram in the previous section into a structure chart as shown in Fig. 2 . In the TRCC structure chart, it consists of three main modules of: 1) Network connection, 2) Get user commands and 3) RC car controller, the details of each module have the following details.
1) Network connection
This module connects a client computer to a server computer via the Internet network by using the TCP/IP protocol. The TRCC system uses port number 8080 to transfer the data between the client and server computers. This module consists of 2 sub-modules, which are the client connection sub-module and the server connection sub-module. Both sub-modules operate the TCP/IP connection between client-server computers.
2) Get user commands
This module allows user to sent commands to control RC car via the Internet. There are 2 types of commands, which are the basic commands and the pattern commands.
The The pattern commands are specific commands for operate RC car, namely: 1) run as the O-shape, 2) run as the ∞-shape and 3) run & stop before hit an object. The pattern commands user interface screen is shown in Fig. 4 , which consists of a communication TCP/IP address box (label number 1), a communication port box (label number 2) and connection button (label number 3). The three pattern command buttons locate below connection button, which are: 1) the infinity shape button (label number 4), 2) the circle shape button (label number 5), the stop before hit an object button (label number 6), and the stop button (label number 7). 
1) RC car controller
This module converts a client RC car command into a digital signal, after that the TRCC system converts a digital signal into a radio signal. Finally, the RC car moves based on a receiving radio signal. The circuit diagram for converting digital signal to radio signal is shown in Fig. 5 . The digital signal transmits to a parallel port by using the following numbers assignment as shown in Table I . 
A. System Hardware Implementation
An RC car is bought with a remote controller from children's toy shop for around 8 US$. The remote controller communicates with the RC car with the radio wave range of 40 MHz band. We connect the RC car remote controller with a digital-to-radio signal converter. After that, we connect the digital-to-radio signal converter with a computer parallel port. The system hardware is shown in the figures below, which has the following details.
• The RC car with the dimension 14.5 X 7.1 X 4.8 Centimeter. The RC car remote controller as the radio wave range of 40 MHz (as shown in Fig. 6 ).
• The client and server computers (as shown in Fig. 7) • A digital-to-radio signal converter with the RS-232 parallel port connection (as shown in Fig. 8) .
B. System Software Implementation
Both client and server computer use the Windows-XP for an operating system. The application software develops based on the Visual Basic 2005. 
V. EXPERIMENTAL RESULTS
This section presents experimental results of controlling RC car via the Internet network which is developed and based on the concepts and design mentioned in the previous part. In this research, the experiment's results are focused on the usability and effectiveness of controlling RC car via the Internet network. The experiment conducted on the green carpet size 2 × 2 meters. The carpet is an excellent material for simulating a road for an RC car because it has a very good friction between the RC car wheels and carpet's surface.
A. Usability Proof
In this section, we will analyze the usability of controlling RC car into two parts. First, the user sends the basic commands directly via parallel port. Seconds, the user sends the basic commands between client and server via the Internet network. Finally, the result shows that the usability concept of controlling RC car via the Internet network can operate in the same way being controlled directly by performing stand alone. The basic commands conducted each command 100 times with the perfect precision rate as shown in Table II . 
B. Effectiveness Proof
The effectiveness test is done the same as that in the previous section, but we will focus on testing three pattern commands. Based on the user commands part, pattern commands are consists of the following patterns.
The O-shape pattern performs the RC car in the circle-shape pattern (as shown in Fig. 9 ). The diameter of the circle shape is around 1.5 meters. The experiment considers failure if the RC car cannot run as a circle shape. The experiment conducted 100 times and the precision rate is 97 percent, as shown in Table III. The ∞-shape pattern performs the RC car in the infinity-shape pattern (as shown in Fig. 10 ). The diameter of each circles in the infinity shape is around 1 meter. The experiment considers failure if the RC car cannot run as an infinity shape. The experiment conducted 100 times and the precision rate is 85 percent, as shown in Table III. To run & stop before hit an object performs by running the RC car in a straight line around 1.5 meters away from the giant tennis ball (as shown in Fig. 11 ). The experiment considers failure if the RC car runs to hit the tennis ball or the distance between the RC car and the tennis ball is more than 30 centimeters. The experiment conducted 100 times and the precision rate is 97 percent, as shown in Table III . The pattern commands conducted totally 300 times and the average precision is 93 percent.
VI. CONCLUSION
Based on the experimental results in the previous section, the results have fulfilled our research objective. We can conclude that controlling RC car can be able to perform via the Internet network with basic commands and pattern commands. Nevertheless, the controlling RC car has some limitations as the following.
• The RC car is a cheap car with some hardware performance limitation. It uses a simple motor (not stepper motor) to drive a car. Therefore it will have inertia force after commands were sent.
• The limit distance of radio signal to control an RC car which connects to the server site. So, the car cannot operate far from the server site.
• The RC car use 1.2Volts rechargeable battery and need to set to a high level of voltage before perform all testing.
In the future, the TRCC can apply to many applications include: 1) military to detonate a buried bomb, 2) industrial to perform the remote controlling tasks and 3) security guard to monitor the restriction area.
